Developing innovation capacities through knowledge creation now dominates the agenda of policy makers and think tanks. The knowledge economy has shifted the paradigm from industrialized and cost-based competition towards the effective production, distribution and use of knowledge for wealth generation.
Whilst developed countries such as the USA, Japan and western EU countries are regarded as the "knowledge hub" in terms of R&D development and innovation capacities, China as a leading nation in science and a scientific power (ranked after the USA, UK, Germany and Japan in 2005) has become one of the emerging R&D destinations for leading global firms.
Innovation in China
According to the OECD, spending on R&D in China has increased by a "stunning" 19 per cent a year in the decade from 1995. By 2005, R&D spending had reached $30bn, ranking China sixth in the world. Though China was seen as a "follower" of science and technology and a "manufacturer" of the global firms, from now on the China phenomena will change the knowledge balance of the world. The government's call for "indigenous innovation" has led to significant development in China's science, technology innovation policy and building collaborative relations between research institutions and industry in China. Despite the scale of central government funding for R&D and various government-initiated programmes to stimulate knowledge generation significant challenges remain. Some of the issues in creating an innovation-oriented society across the complex Chinese economic structure have to do with addressing the imbalance of science and technology infrastructure across different geographic locations and regions. Other challenges are manifested in the nature of knowledge creation and distribution between key actors within China's innovation system. China suffers from the legacy of the past innovation model influenced by the former Soviet Union that separated publicly funded research institutions and universities from product development within firms. As a result, collaborative innovations between Chinese firms and research institutions have not been promoted effectively to optimize the diffusion and utilization of new knowledge. Though the importance of institutional reform within public research institutions such as Chinese Academy of Sciences has been raised to the top of the agenda by policy makers, the fast development of science-based research and the international trends of multidisciplinary research in different fields create new challenges.
Despite increasing R&D investment from Chinese firms and the rise of China's exports in high-technology, foreign-invested companies account for the vast majority of sales and much of the value of their products often lies in software of integrated circuits sourced from the USA and elsewhere. The development of science-based high-tech products such as pharmaceuticals is still relatively weak according to the National Statistics Bureau. In addition, the interactions and R&D activities between firms and academia are rare outside of science-parks and university run incubators.
There has been a lack of integration of knowledge networks between large state-owned enterprise, foreign-own R&D and Chinese SMEs in terms of high-tech development and innovation collaboration. The overall innovation capacity of Chinese firms and technological level of China's industries to independently innovate is low. The emerging Chinese paradox is the disparity between high R&D spend and the relatively low level of industrial innovation.
The triple helix model of knowledge-based innovation
Among various knowledge-based innovation models, the triple helix (TH) relations of university-government-industry provides an analytical framework for evaluating and analysing knowledge networks and interactions within innovation process at national and regional, institutional and individual level. In order to optimize the potential for knowledge creation, distribution and production, the TH model argues that interactive innovation networks need to be created between academics, firms and government so that:
• Opportunities may be opened up for "brain circulation"
and knowledge sharing between academics, business practitioners and government managers;
• Academic research is linked with business practice and informed by real market demands;
• Entrepreneurial culture is developed and new start ups may be created from TH innovation networks as a result of knowledge sharing between academia, industry and government; and
• New policy initiatives may emerge from the networks, giving the government a better understanding of where research is located, thus enabling them to design policies to support new research areas.
Developing firms' innovation capacities and the absorptive capacity for new knowledge is arguably the key for developing a knowledge economy. However, simply focusing on industrial capacity building without taking into account the overall knowledge infrastructures and support facilities, including research institutions and government agencies, may create ecological challenges for the sustainable development of the knowledge economy. "China's re-emergence as a major power in the world economy points to the needs of integrating China into the global innovation networks."
Technological innovation in industry is being transformed as the creation, dissemination, and utilization of knowledge moves from the periphery to the centre of industrial production and governance. Furthermore, the concept of innovation itself is being transformed from that of new product or process development (or the first business application of a new technology) to a new sense of "Innovation in Innovation" -the restructuring and enhancement of the organizational arrangements that foster innovation. An innovation system comprises the organizations and institutional arrangements that enhance the utilization of knowledge in economic and social development. As knowledge is increasingly research-based in modern societies, a TH of university-industry-government interactions is becoming the core of the innovation system. The TH is an innovation model where university, industry, and government work together and interact closely while each maintains its independent identity. The TH message is that universities, firms, and governments assume some of the capabilities of the other, even as each institution maintains its primary role and distinct identity. The TH develops the method and theory of university-industrygovernment relations as the means to create more effective innovation systems.
The strategic implications of triple helix in China
It is clear that the government's call for an innovationoriented society underpins the transformational changes within the TH relations between novelty production (university and public research institutions), wealth generation (industry) and normative control (government). Beyond these traditional roles; each sphere may "take the role of the other" for example, universities generate wealth through technology transfer, university-run enterprises (UREs) and spin-offs as well as pursue these tasks collaboratively.
China's re-emergence as a major power in the world economy points to the needs of integrating China into the global innovation networks. However, the recent OECD review on China's embarking on knowledge-based innovation also highlights a number of challenges facing Chinese firms, academics, government agencies and policy makers.
The key issue is, in a nation where the economic development and science and technology policy are very much dominated by the government, to what extent policies made for promoting high-tech knowledge-based innovation are underpinned by the knowledge and innovation capacities embedded within the institutions at both national and regional level? How can China's successful "government pulled" TH take the next step and promote an even higher level of innovation in innovation?
Whilst increasing attention has been paid to building up the innovation capacities via the development of "hardware" and physical infrastructure, the challenge is how to develop "software" and an innovation environment that supports and facilitates new ideas, knowledge flow and entrepreneurial spirit within TH innovation networks. Research on innovation development in China has been primarily focused on the quantitative measurement in R&D investment and the technology output. There has been a lack of study on the institutional and cultural changes that help to develop firms' capabilities of independent innovation. This has pointed to the need for more qualitative case studies on the change process within the TH innovation networks at institutional, organizational and individual level in order to enhance our understanding on the political, economic and social issues involved in the process of knowledge production in China.
In response to these challenges that Chinese enterprises are facing, China Association for Management of Technology has recently initiated a research programme -China Firm Competitiveness Report. This work presents the crucial tenets of the strategic framework, which underpins the philosophical notion and research methodology to conceptualize:
• creating of core competence; and
• establishment of competitiveness index and the competitiveness rankings.
